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© A suture anchor (100) includes a rivet (120) for 
insertion into a predrilled bore hole in bone, and a 
setting pin (110) which extends through an axial 
aperture in the rivet. Preferably the anchor has 
barbed legs (122) which are radially expandable to 
frictionally engage the walls of the bore hole to 
secure the anchor therein. The setting pin includes a 
suture accommodating aperture (113), surface, 
and/or slot. In one embodiment, a snap-fitting detent 
(227) and notch (216) are engageable with each 
other to form an escapement mechanism to position 
the setting pin at discrete positions within the axial 
aperture of the rivet. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method and appara- 
tus for anchoring a suture, and more particularly to 
a suture anchor insertable into a preformed hole in 
bone. 

2. Background of the Art 

Suture anchors are used in various types of 
orthopedic surgery to secure sutures to bone. Typi- 
cally, the suture anchor is implanted into a hole 
predrilled into a bone mass. The suture anchor 
may be employed, for example, to anchor liga- 
ments or tendons to the bones in the knee, shoul- 
der, and elbow, and is especially useful in joint 
reconstruction and arthroscopic surgery. 

Various types of suture anchors are known. For 
example, U.S. Patent No. 5,037,422 to Hayhurst et 
al. discloses an anchor for securing a suture to a 
bore hole in a bone. The suture anchor includes an 
elongated body having a tip at a distal end of the 
body. Two slots extend lengthwise at spaced loca- 
tions on the body. The suture is attached to the tip. 
The anchor possesses a ridge which engages the 
wall of the bore hole and lodges more firmly when 
the suture is pulled. Other sutures anchoring de- 
vices are disclosed in U.S. Patent Nos. 4,632,100; 
5,041,129; 5,046,513; 4,898,156; 4,899,743; and 
4,946,468. 

Generally it is desirable that the suture anchor 
be easily implanted, yet firmly lodged within the 
bore hole in the bone to resist pull-out of the 
suture. Also, the suture anchor must be fabricated 
from a biocompatible material to avoid undesirable 
body tissue reaction. 

SUMMARY OF THE INVENTION 

A suture anchor is provided herein for anchor- 
ing a suture to bone during a surgical procedure. 
The suture anchor comprises a rivet for insertion 
distally into a pre-drilled hole in bone or hard 
tissue, the rivet including a body portion having a 
distal end and an axially extending aperture, and at 
least two legs extending proximally from the body 
portion. The legs are radially expandable in re- 
sponse to proximal movement of a setting pin. The 
suture anchor also includes a setting pin slidably 
disposed through the axially extending aperture. 
The setting pin has suture attachment means, and 
is movable between a distal position with respect to 
the rivet wherein the rivet legs are not expanded, 
and a proximal position with respect to the rivet 
wherein the rivet legs are urged to a radially ex- 
panded configuration. 


In an alternative embodiment, an escapement 
feature is included to prevent extraction of the pin 
from the anchor and to position to the pin at any 
one of discrete intervals within the rivet. In this 
5 embodiment, the pin is moved distally to activate 
the suture anchor. In yet another embodiment, a 
unique matching cross section of the pin and rivet 
aperture are employed to prevent suture interfer- 
ence with the setting action by locating the suture 
10 between the legs of the rivet. 

The suture anchor may be fabricated of a 
biodegradable material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 

Fig. 1 is a perspective view of the suture 
anchor of the present invention. 

Fig. 2 is a partially cut away side view of the 
suture anchor in inactivated condition. 
20 Fig. 3 is a side view showing the suture rivet 
implanted in bone and activated. 

Figs. 4 to 7 shows, respectively, perspective, 
side, front end, and rear end views of an alternative 
embodiment of the pin. 
25 Fig. 8 is a partly sectional side view showing 
an alternative embodiment of the suture anchor in 
activated condition. 

Figs. 9 and 10 illustrate, respectively, partly 
sectional side and end views of an alternative em- 
30 bodiment of the rivet. 

Fig. 11 is a more detailed partly sectional view 
of the locking feature of the present invention. 

Figs. 12 to 14 show, respectively, perspective, 
plan and elevational views of an alternative embodi- 
35 ment of the rivet. 

Figs. 15 to 18 are, respectively, perspective, 
side elevational, front end and rear end views of 
another embodiment of the pin. 

Figs. 19 to 22 are, respectively, side 
40 elevational, front end, rear end and sectional view 
of another embodiment of the rivet. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT(S) 

45 

The invention described herein is a repair de- 
vice to be used in surgical procedures where there 
is a need to attach soft tissue to bone using su- 
tures. The implantable device secures the suture to 

50 a hole formed in the bone. The device is intended 
to facilitate repair, provide stable anchorage of soft 
tissue, restore function, reduce the possibility of 
complications, and increase the success of the 
repair procedure. The two component device con- 

55 sists of a radially expandable rivet and a suture 
accommodating set pin. Functionally, the rivet por- 
tion consists of a cylinder which contains at least 
two and preferably four legs with a tapered cross 
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section which, when forced outward, expand to lock 
the device inside an appropriately sized hole. The 
legs also have ridges providing barb structures 
which actively anchor the device in bone and act to 
prevent the device from being pulled out. 

The setting pin portion, when moved into the 
rivet, acts to expand the rivet's legs. The pin also 
provides a means for attaching one or more su- 
tures to the pin. In an exemplary embodiment, this 
may be accomplished through a suture accom- 
modating hole(s) or groove(s) in the pin and, these 
features may be oriented transversely or longitudi- 
nally. In an exemplary embodiment, the set pin has 
an approximately sized conical head which func- 
tions to aid insertion into a constant diameter hole 
and to act as a stop to indicate when the device is 
fully engaged. In an exemplary embodiment, the 
pin may also possess a unique cross section, 
which when combined with an appropriately config- 
ured hole in the rivet, restricts longitudinal pin 
orientation. Orientation allows the suture(s) to be 
located in the slots between the rivet legs and 
prevents suture interference with the setting action. 

The suture-rivet is used by first drilling an 
appropriately sized hole in the bone. The suture- 
rivet can be preloaded with suture or it can be 
loaded with suture at the time of surgery. The 
device is inserted into the bone hole using a com- 
plementary application instrument. The insertion 
device limits the depth at which the suture-rivet can 
be inserted. The insertion device is removed which 
leaves the device in the bone hole. This is accom- 
plished due to the mechanical interference of the 
rivet ridges with the walls of the bone hole. In an 
exemplary embodiment, the suture exiting the hole 
is pulled (tensioned) to set the pin. This pulling 
action is in the same direction as that applied to 
the device under toad. Higher tensile loads result in 
greater anchoring forces by increasing radial ex- 
pansion of the rivet legs. An active anchoring sys- 
tem is preferred for this type of device. 

A more detailed description of exemplary em- 
bodiments is given below, wherein the term 
"distal" refers to the direction in which the rivet is 
implanted, i.e., towards the interior of the bone, and 
the term "proximal" refers to a direction away from 
the bone, i.e., opposite to the distal direction. 

Referring to Fig. 1, a suture anchor 100 is 
illustrated in perspective. Fig. 2 shows a partly cut- 
away side view of suture anchor 100. Fig. 3 shows 
the suture anchor implanted in bone and 
"activated", i.e. the legs of the suture anchor are 
expanded for gripping the walls of the bore hole 
into which the suture anchor 100 is implanted. 

Suture anchor 100 includes a rivet 120 and a 
setting pin 110, which is slidably disposed through 
an axial aperture in the rivet 120. Setting pin 110 
includes a distal tip 111 which may optionally be 


terminated in a sharp point, a generally cylindrical 
shaped body portion 112, a proximal end 114 
which is preferably tapered or rounded, and an 
aperture 113 for receiving a suture 101 to be 

e anchored. The aperture 113 can be oriented trans- 
verse to the longitudinal axis of the setting pin as is 
shown in Fig. 1. 

An alternative embodiment of the setting pin is 
illustrated in perspective side, front and rear end 

to views, in Figs. 4, 5, 6 and 7, respectively. Alter- 
native embodiment 130 includes a distal tip portion 
131 tapering to a flat frontal surface 136, and 
having a rear, or proximal, abutment surface 136A. 
Pin 130 further includes a shaft portion 132 and a 

75 tapered or rounded proximal or rear portion 134. 
Shaft portion 132 includes at least one, and prefer- 
ably two suture accommodating slots 135 extend- 
ing longitudinally along opposite sides of the pin 
130. A suture accommodating aperture 133 ex- 

20 tends transversely to the longitudinal axis of the pin 
130 and is located in proximity to the distal end of 
the pin. The suture can be prethreaded through 
aperture 133 and disposed within slots 135 prior to 
assembly of the pin 130 and rivet 120. In the 

25 description below, rivet 120 is discussed in con- 
junction with pin 110. However, it should be recog- 
nized that pin 130 can be substituted for pin 110 
and is equally suitable for use in conjunction with 
rivet 120. 

30 The rivet 120 includes a body portion 121 
through which an axial aperture 124 extends for 
receiving the setting pin 110. Rivet 120 also pos- 
sesses at least two, and preferably four, legs 122, 
which extend proximally from the body portion 121. 

35 The legs 122 are separated by notches 12B and 
are resiliency movable in a radial direction. Each 
leg 122 has an inner camming surface 125 which is 
inclined towards the axial center of the rivet such 
that proximal movement of the setting pin 110 

40 causes the proximal end 114 to cam against the 
inner surface 125 of the leg, thereby urging the leg 
122 radially outward. The outer surfaces of the legs 
possess proximal pointing barbs 123 to grip the 
inner walls of the bore hole in the bone. 

45 In use, the setting pin 110 is slidably disposed 
through aperture 124 in rivet 120. The suture 101 
to be fastened is disposed through lateral aperture 
113 in the setting pin and may be knotted to 
secure it to the setting pin for anchoring. In the , 

so "inactivated" configuration, the setting pin 110 is in 
a position such that it is relatively distally advanced 
with respect to the rivet 120. The suture anchor 
100 is distally advanced into a predrilled bore hole 
151 in a bone 150. To "activate" the suture anchor 

55 the setting pin 110 is moved proximally with re- 
spect to the rivet 120. This may be accomplished 
by pulling the suture 101, whereupon the proximal 
end 114 of the setting pin cams against the inner 
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surfaces 125 to urge legs 122 radially outward, as 
illustrated in Fig. 2. The barbs 123 then frictionally 
engage the walls of the bore hole and resist proxi- 
mal movement of the rivet 120. Thus, suture an- 
chor 100 is locked into place for firmly securing the 
suture 101. The distal end portion 111 of the set- 
ting pin has a proximally facing abutment surface 
116, and the body portion 121 of the rivet has a 
distally facing abutment surface 126. Abutment sur- 
faces 116 and 126 cooperate to limit the proximal 
movement of the setting pin 110. Thus, when the 
setting pin 110 is moved to its most proximal 
position with respect to the rivet 120, surfaces 116 
and 126 abut each other and thereby prevent the 
setting pin from being pulled proximally out of the 
rivet 120 by pulling force exerted on the suture 
101. Tension exerted on the suture 101 serves to 
more tightly lodge the suture anchor 100 within the 
bore hole. 

The suture anchor of this embodiment and the 
alternative embodiments described below are pref- 
erably fabricated from a flexible and resilient ma- 
terial with a strength sufficient for the purposes 
described herein. The suture anchor can be fab- 
ricated from bioabsorbable materials such as 
homopolymers and copolymers of glycolide, lac- 
tide, dioxanone, caprolactone, trimethylene carbon- 
ate, and mixtures thereof. 

Figs. 8 to 14 are directed to an alternative 
embodiment 200 of the suture anchor of the 
present invention. 

Referring to Figs. 8, 9, 10 and 11, suture 
anchor 200 includes rivet 220 and setting pin 210, 
which is slidably disposed through axial aperture 
224 in the rivet 220. Setting pin 210 includes a 
distal tip 211, which may have a circumferential 
tapered portion to facilitate insertion of the pin 
through axial aperture 224 in the rivet. Setting pin 
210 further includes a cylindrical body portion 212 
and a proximal end 214 at which sutures 201 are 
attached. 

An escapement feature is incorporated into the 
suture anchor 200. Setting pin 210 includes at least 
one, and preferably two or more circumferential 
notches 215 and 216. Referring to Fig. 11, each 
notch has an inclined proximal surface 215a and 
216a, respectively, and a distal abutment surface 
215b and 216b, respectively. Notches 215 and 216 
are configured and dimensioned so as to engage 
corresponding detents in the rivet, as discussed 
below. 

Referring to Figs. 8, 9, 10 and 11; the rivet 220 
is illustrated in its activated, or expanded condition. 
Rivet 220 includes body portion 221, proximal head 
portion 226, and axial aperture 224 extending 
through the rivet 220 for receiving the setting pin 
210. Rivet 220 also possesses at least two, and 
preferably four, legs 222, which extend distally 


from the body portion 221 and which are separated 
by slots 228. Legs 222 are resiliency movable in a 
radial direction and each has an inner camming 
surface 225 which is inclined towards the axial 

s center of the rivet such that distal movement of the 
setting pin 210 causes the distal end 211 to cam 
against the inner surfaces 225 of the legs, thereby 
urging the legs 222 radially outward. The outer 
surfaces of the legs possess proximal pointing 

70 barbs 223 to grip the inner walls of the bore hole in 
the bone. 

The rivet legs each further include inner de- 
tents 227 which are configured and dimensioned 
so as to be engageable with notches 215 and 216 

76 of the setting pin. Detents 227 include an inclined 
proximal surface 227a and a distal abutment sur- 
face 227b, as is seen more clearly in Fig. 11. 

In use, the rivet 220 is implanted in a predrilled 
bore hole in a bone, the bore hole is preferably of 

20 such diameter to accommodate the body portion 
221 and legs 222. The proximal head portion 226 
remains outside the bone. After the rivet 220 is 
implanted, the setting pin 210 is inserted into ap- 
erture 224 in the rivet. As the setting pin 210 is 

25 moved distally through aperture 224, the distal 
edge 211 of the setting pin cams the inner surface 
225 of the legs, thereby urging the legs 22 to 
expand radially outward and moving the barbs 223 
into frictional engagement with the wall of the bore. 

30 When notch 216 of the setting pin is moved up to 
detent 227, the notch and detent engage each 
other to form a snap-fit locking mechanism. Once 
the detent 227 and notch 216 snap together, the 
setting pin 210 cannot easily be removed, i.e., it is 

35 locked with respect to the proximal direction. An 
attempt to move the setting pin 210 proximally out 
of the rivet 220 will cause surfaces 227b and 216b 
to abut each other thereby resisting extraction of 
the setting pin 210 from the rivet 220. Although 

40 proximal movement is prevented by the snap lock 
feature, inclined surface 227a and 216a can slide 
along each other to permit further distal movement 
of the setting pin 210. Thus setting pin 210 can be 
advanced further to engage the second notch 215 

45 with the detent 227. The second notch 215 en- 
gages and cooperates with the detent 227 in the 
same manner as the notch 216. A series of notches 
such as 215, 216, and others if desired, thereby 
also act as an indexing means to position the 

so setting pin 210 at discrete intervals within the rivet 
220 for anchoring suture 201 . 

Pin 210 is shown with suture 201 affixed to the 
proximal end 214. An alternative embodiment of 
the pin is shown in Figs. 12 to 14. Embodiment 

55 230 of the pin is similar to pin 210 except that the 
proximal rear section 234 is a narrowed and flat- 
tened portion with a suture accommodating ap- 
erture 237 extending laterally therethrough in a 
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direction transverse to the longitudinal axis of the 
pin 230. The flattened portion 234 allows space for 
the suture to extend therealong. 

Figs. 15 to 18 show an alternative embodiment 
of a pin 310 which includes at least two and 5 
preferably four suture accommodating slots 315 
extending along the body portion 312. A suture 
holding surface 313 is located at the distal end of 
the body portion 312. Slots 315 divide the tip 311 
into four clover leaf type sections which each have w 
a proximal abutment surface 316. As with the other 
pin embodiments, a tapered proximal rear section 
314 facilitates spreading of the rivet legs when the 
suture anchor is activated. In use, a suture is 
simply placed along two of the slots 315 and re 
across the suture holding surface 313. 

Figs. 19 to 22 disclose another embodiment, 
320, of the rivet shown in the expanded or ac- 
tivated condition. Rivet 320 includes a body portion 

321 at least two and preferably four legs 322 20 
extending axially through the rivet 320 for slidably 
receiving a setting pin, such as pin 310. The legs 

322 are divided by notches 328 and are configured 
in a lobate pattern as can be seen from end views 

Fig. 20 and Fig. 21. Barbs 323 extend outwardly 25 
from the outer surface of the legs 322 and, as 
described for the previously mentioned embodi- 
ments, grip the inner walls of the hole in the bone 
into which the rivet 320 is implanted. The legs 322 
each possess an inner facing camming surface 325 30 
which is inclined towards the axial center of the 
aperture 324. Thus, when setting pin 310 is posi- 
tioned in the aperture 324 and is moved proximally, 
the proximal end cams against surfaces 325 and 
spreads the legs 322 radially outward to set the 35 
rivet 320 within the bore in the bone. Setting pin 
310 may be pulled proximally by the suture until 
the stop surface 316 abuts the distal stop surface 
326 of the rivet. 

It should be noted that the body portion 312 ao 
and the axial aperture 324 can have a unique 
matching cross section (illustrated as a generally 
squared-off shape in Fig. 18, 20 and 21) to prevent 
rotation of the pin 310 within rivet 320, thereby 
orienting the pin 310 within aperture 324 such that 46 
the suture is located between legs 322 to prevent 
interference with the setting or activation of the 
rivet 320. 

The present device has the significant advan- 
tage of providing an easy, time saving technique so 
and device for soft tissue attachment to bone. The 
most unique aspect of the device is its self-tighten- 
ing means of providing anchorage. This active 
means of anchorage is designed to provide greater 
pull out strength as the tension on the suture 55 
increases. Installation requires a hole to be drilled 
in bone, the device inserted into the hole, and the 
device set or tightened with a pull on the suture. 


Another advantage is that the device is designed to 
be inserted arthroscopically through an 8 mm can- 
nula. The device provides sufficient anchoring 
strength to allow repair to occur concurrently with a 
partial return to full function. The device is primarily 
subjected to tensile forces and provides adequate 
strength to stabilize the reattached soft tissue. By 
fabricating the device out of a biodegradable ma- 
terial, the device is capable of providing full initial 
anchorage strength, and, with time, allows for grad- 
ual load sharing to the repaired tissue. This load 
sharing capability may be the optimal means for 
achieving full repair and restoration of function. 
Another advantage is that the resorbable material 
will eventually be replaced by natural tissue. 

The claims which follow identify embodiments 
of the invention additional to those illustrated here- 
in. 

Claims 

1. A suture anchor comprising: 

(a) a rivet for insertion distally at least par- 
tially into a hole in bone, said rivet including 
a body portion having a distal end and an 
axially extending aperture, and at least two 
legs extending proximally from said body 
portion, said legs being radially expandable 
in response to proximal movement of a set- 
ting pin; and, 

(b) a setting pin for slidable positioning 
through said axially extending aperture, said 
setting pin having means for suture holding, 
and said setting pin being movable between 
a distal position with respect to said rivet 
wherein said rivet legs are not expanded, 
and a proximal position with respect to said 
rivet wherein said rivet legs are urged to a 
radially expanded configuration. 

2. A suture anchor comprising: 

a rivet for insertion distally into a hole in 
bone, said rivet including a body portion hav- 
ing a distal end and an axially extending ap- 
erture defining an inner surface, and at least 
two legs extending proximally from said body 
portion, said legs being radially expandable in 
response to distal movement of a setting pin 
through said aperture; 

a setting pin for slidable positioning 
through said axially extending aperture, said 
setting pin having means for suture holding, 
and said setting pin being movable between a 
proximal position with respect to said rivet 
wherein said rivet legs are not expanded, and 
a distal position with respect to said rivet 
wherein said rivet legs are urged to a radially 
expanded configuration; and 
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escapement means for preventing proxi- 
mal movement of the setting pin when it has 
reached any one of one or more discrete loca- 
tions with respect to said rivet. 

3. A suture anchor as claimed in claim 2, wherein 
the rivet possesses a head portion proximal to 
the body portion and having a wider diameter 
than that of the body portion. 

4. A suture anchor as claimed in claim 1, 2 or 3, 
wherein said rivet legs each include an inner 
camming surface for contact with the proximal 
end of the setting pin said camming surface 
being inclined towards the axial center of the 
rivet. 

6. A suture anchor as claimed in claim 2, 3 or 4. 
wherein said escapement means comprises a 
detent located on one of said setting pin or 
rivet and a corresponding notch located on the 
other of said setting pin or rivet, the detent 
being resiliently engageable with said notch. 

6. A suture anchor as claimed in claim 5, wherein 
said detent and notch are configured and 
dimensioned to permit distal movement of the 
setting pin with respect to the rivet, but to 
resist proximal movement of the setting pin 
with respect to the rivet. 

7. A suture anchor as claimed in claim 6, wherein 
said escapement means includes a series of 
spaced apart notches located on said setting 
pin, and at least one corresponding detent on 
the inner surface of said rivet. 

8. A suture anchor as claimed in any one of the 
preceding claims, wherein the suture anchor is 
fabricated from a bioabsorbable material. 

9. A suture anchor as claimed in any one of the 
preceding claims, wherein said rivet further 
possesses at least one barb on the outer sur- 
face of each leg. 

10. A suture anchor as claimed in any one of the 
preceding claims, wherein said means for su- 
ture holding comprises a suture receiving ap- 
erture extending laterally through said setting 
pin. 

11. A suture anchor as claimed in claim 10, 
wherein said suture receiving aperture is lo- 
cated in proximity to the proximal end of said 
setting pin. 


12. A suture anchor as claimed in any one of 
claims 1 to 10, wherein said means for suture 
holding is located in proximity to the distal end 
of said setting pin and said setting pin further 

s comprises at least two suture accommodating 

slots extending longitudinally along the sides 
of said setting pin. 

13. A suture anchor as claimed in any one of the 
10 preceding claims, further comprising means for 

preventing rotation of the setting pin within 
said axially extending aperture, wherein said 
rivet legs are spaced apart from each other 
and said suture accommodating slots are 
75 aligned with the space between the legs of the 
rivet. 

14. A suture anchor as claimed in any one of the 
preceding claims, wherein said setting pin and 

20 said rivet each include stop surfaces for abut- 
ting each other to prevent further movement of 
the setting pin relative to the rivet when the 
setting pin has been moved to a predeter- 
mined position. 

25 

15. A suture anchor as claimed in any one of the 
preceding claims, wherein a portion of the sur- 
face of said setting pin comprises a non-cir- 
cular transverse cross-section and a portion of 

30 the surface of said axially extending aperture 
has a non-circular transverse cross-section, 
said portion of said setting pin surface contact- 
ing said portion of said axially extending ap- 
erture surface, thereby orienting said setting 

35 pin within said axially extending aperture to 

prevent rotation of said setting pin within said 
axially extending aperture. 
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